The title compounds were synthesized as models for examining stereochemical requirements of the mescaline receptor. By analogy with indolic psychotomimetic drugs, the pseudo-indolic structure of the cis compound should endow it with greater psychotomimetic activity than the trans isomer might possess. A special synthetic sequence was obligatory for the preparation of the cis isomer because the usual intermediates were either unreactive or were epimerized during subsequent transformations.
Introduction
Most structure-activity work concerning mescaline (1) has involved modification of nuclear substituents in number, position, and type (1) and it has been shown that more than one nuclear substitution pattern produces effective hallucinogens (2) .
This present work was undertaken to provide mescaline analogs with fixed conformations in the side-chain. Alterations in the side-chain of mescaline have received relatively little attention (3), with the notable exception of a-methylmescaline (2) which is several times more potent than mescaline (4).
We propose that the potentiating effect of the a-methyl group in compound 2 is due to the preferential stabilization of one of the two staggered conformations of 2. Newman rotamer representations I and I1 (equivalent to compound 1) show that conformation I1 would likely be favored energetically relative to I: if the NH, group is unionized, there are both steric and 'This work was supported by a grant from the Government of Ontario, Department of University Affairs.
2Present address: Faculty of Pharmacy, University of Montreal, Montreal, Quebec. electrostatic repulsions between it and the aromatic ring, while if it is ionized (NH,') the resultant electrostatic attraction toward the aromatic ring would likely be offset by a larger steric repulsion term due to the hydration of NH,'.
Examining the rotamers I11 and IV (equivalent to compound 2) it would appear that the situation is different: any tendency for the NH, or the NH, + group to remain distant from the aromatic ring, as in IV, would be offset by steric~epulsion of the methyl group by the aromatic $ing. Conformations such as 111 would therefore be favored over those such as IV to a greater extent than I would be favored relative to 11.
A pseudo-indolic conformation such as I11 more closely resembles potent indolic hallucinogens like LSD or psilocybin than does IV. While mescaline might be induced, at the expense of some bioreceptive energy, to assume a pseudoCan. J. Chem. Downloaded from www.nrcresearchpress.com by Depository Services Program on 08/22/13
For personal use only. indolic conformation, I, at the receptor or enzyme site where it may act, an initial preference for such a conformation, as induced by the a-methyl group in 111, might reduce to a critical degree the entropic demands placed on the bioreceptive system whose partial requirements are for an indole-like structure.
The pharmacological study of conformationally rigid analogs of mescaline should offer a means of challenging such a hypothesis. We have reported (5) some pharmacological properties of one such analog, trans-2-(3,4,5-trimethoxypheny1)-cyclopropylamine (3), a structural hybrid of mescaline and of the antidepressant, trans-2-phenylcyclopropylamine (4).
Details of the synthesis of 3 were not given. We now wish to describe two different syntheses of 3 as well as the stereospecific synthesis of its cis isomer, 5 (see Scheme I).
For the synthesis of 3, 3,4,5-trimethoxybenzaldehyde was condensed with an excess of malonic acid in the presence of pyridine and piperidine to give trans-3,4,5-trimethoxycinnamic acid (6) in near quantitative yield. This was converted into the methyl ester, 7, which was in turn converted into the tert-butyl ester, 8, by ester interchange. The ester 8 reacted with dimethylsulfoxonium methylid in DMSO to give trans-2-(3,4,5-trimethoxypheny1)-cyclopropanecarboxylic acid (9) which was transformed by a modified Curtius sequence into the desired amine, 3.
Entry into the cis series was provided by the preparation of cis-3,4,5-trimethoxycinnamic acid (10) produced by U.V. irradiation of 6. The isomeric acids were readily separated by fractional precipitation from their alkaline solution, using t.1.c. to monitor the separation. Structural assignment of cis-3,4,5-trimethoxycinnamic acid to the major photochemical product was based on formation of the identical hydrogenation product from the respective cis and trans methyl esters, 7 and 11, which would each be expected to give methyl 3,4,5-trimethoxydihydrocinnamate (12) .
As it was found that 10 was transformed, by treatment with thionyl chloride and tert-butanol, into the trans tert-butyl ester, 8, instead of into the desired cis tert-butyl ester, the cis ethyl ester, 13, was prepared by conventional treatment with ethanol and sulfuric acid. Reaction of 13 with dimethylsulfoxonium methylid in DMSO produced, instead of the expected cis cyclopropane acid, 14, the trans isomer, 9. Since it was later found that neither 14 nor 13 are epimerized by solutions of potassium tert-butoxide in DMSO, the transformation of 13 into 9 likely implicates carbanion intermediate formation by attack of the ylid reagent on the olefinic bond in 13, rather than an epimerization of starting material or product.
Further attempts to methylenate the double bond of 13 using various modifications of the Simmons-Smith reaction gave only the starting ester or complex mixtures.
Controlled lithium aluminum hydride reduction of the carboxylate function in the cis, 13, and trans, 15, ethyl esters gave the corresponding cis and trans 3,4,5-trimethoxycinnamyl alcohols, 16 and 17 respectively, in good yields and stereochemically pure. Each of the alcohols, 16 and 17, reacted with diethyl zinc and methylene iodide to give the corresponding cis and trans isomers of 2-(3,4,5-trimethoxypheny1)-cyclopropylcarbinol, 18 and 19 respectively. The carbinol 19 was also obtained by lithium aluminum hydride reduction of ethyl trans-2-(3,4,5-trimethoxypheny1)-cyclopropanecarboxylate (20) confirming the structure assigned to 19.
Oxidation of the cis and trans carbinols with nickel peroxide gave the corresponding cis and trans cyclopropane acids, 14 and 9 respectively. The acid 14 was then converted into cis-2-(3,4,5-trimethoxypheny1)-cyclopropylamine (5) by the modified Curtius reaction.
Results and Discussion
A comparison of the n.m.r. spectra of the cyclopropane acids, 9 and 14, shows that the hydrogen, Hx is at lower field in the cis isomer 14 than it is in the trans isomer, 9. This could result from a combination of factors, including inductive effects as well as magnetic and electric field effects due to the anisotropy of the aryl group (6) .
The i.r. spectra of the trans isomers, 9 and 25, of the carboxylic acid and the acyl azide respectively, show small but discernible shifts of the carbonyls to lower frequencies relative to their was collected, rinsed with water until the filtrates were cis isomers 14 and 23.
neutral, and dried in vacuo to give 13.0 g (92%) of 7, m.p. 98-99" (lit. (8) m.p. 96.5-97').
These differences should be manifested in some chemical properties of the target amines, 3 and 5, such as their pK,' s, their nucleophilicity and other parameters which might play an important role at the level of drug-receptor interaction. Similar forces could equally well be in effect in openchain analogs of phenethylamines when once their conformations are "frozen" by combination with receptors. Such factors should be considered in addition to direct steric aspects of the interaction of these amines with bioreceptive systems. Experimental
Corrected capillary melting points are reported. The n.m.r. spectra (CDCI,) were recorded on a Varian A-100 Spectrometer, U.V. spectra (water containing one equivalent of sodium bicarbonate) on a Bausch and Lomb Spectronic 505, and i.r. spectra on a Beckman IR-5 Spectrophotometer using CHCI, unless otherwise stated. Although only principal absorption bands are given, differences in the spectra of cis and trans isomers in the region 1420-1290 cm-' (C-H deformations) allowed them to be distinguished, one from the other, ineach case. Reaction mixtyr& and products were routinely examined bv t.1.c. (SilicaKiel H) using vetroleurn ether -acetone to &parate' ck-duns piirs and benzene -ethyl acetate to sebarate cyclopropanes from cinnamates. Elemental analvses were ~erformed bv Micro-Tech Laboratories.
trans-3,4,5-Trimethoxycinnamic Acid (6)
To 150 ml pyridine and 3 ml piperidine was added gradually with stirring and occasional cooling, 100 g of (0.96 mole) malonic acid. After the malonic acid had dissolved, 84 g (0.43 mole) of 3,4,5-trimethoxybenzaldehyde was added. The mixture was stirred at 25" for 12 h,3 and then at 80-100' until carbon dioxide evolution ceased. The solution was cooled and gradually poured into a vigorously stirred mixture of 2 1 of ice and water containing 250 ml concentrated hydrochloric acid. The precipitate was collected and washed with water until the filtrates gave a negative test for C1-. The filter cake was dried at 50' in vacuo to give 98 g (96%) of 6, m.p. 126-127" (lit. (7) m.p. 124-125'). The U.V. spectrum: h,.. 294 (E 7500) and 228 mp (E 9500). The i.r. spectrum: v,.~ 3300-2500 (COO-H), 1675 (C-=), 1625 cm-' (C-=.
trans-Methyl 3,4,5-Trimethoxycinnamate (7)
A solution of 13.4 g (0.056 mole) of 6 in 250 ml methanol and 5 ml concentrated sulfuric acid was refluxed for 4 h and then allowed to cool sliahtlv. An excess of anhydrous sodium carbonate was then-added in small portions with agitation. The mixture was filtered hot and the filter cake rinsed with hot methanol. The combined filtrates were concentrated in vacuo to 75 ml and poured . 1700
trans-Ethyl 3,4,ETrimethoxyci~amate (IS)
1630 cm -(&a.
trans-t-Butyl3,4,5-Trimethoxyci~amate (8)

Method A
A solution of 72 g (0.285 mole) 7 and 1.5 g (0.065 mole) sodium metal in 800 ml anhydrous tert-butanol was refluxed for 16 h and then evaporated to dryness in vacuo. The residue was partitioned between 1700 ml boiling 30-60" petroleum ether and 300 ml water. The organic phase gave, upon evaporation, 35 g (42%) of almost pure 8. A sample recrystallized from 30-60" petroleum ether and sublimed at 140" (0.1 mm) had m.p. 78.5-79.5'.
Anal. Calcd. for Ci6H2205: C, 65.28; H, 7.53. Found: C, 65.75; H, 7.52.
The solids suspended in the aqueous phase were collected, rinsed neutral with water, and dried to give 30.5 (42 % recovery) of 7. The aqueous filtrates were acidified to recover 10.8 g of 6.
Method B
A solution of 1.5 g of 6 in 5 ml thionyl chloride was allowed to stand at 25' for 2 h over a porcelain chip. Excess of thionyl chloride was removed in vacuo and the residue was treated with a solution of 0.9 rnl pyridine in 4 ml tert-butanol. The suspension was shaken for 30 min and then evaporated to dryness in vacuo. The residue was partitioned between hot 30-60" petroleum ether and dilute hydrochloric acid. The organic phase gave, upon evaporation, 0.46 g (25%) of 8, m.p. 73-74.5', undepressed on admixture with product from method A. The solid remaining in the aqueous phase (1.06 g, m,p. 174-182") gave the acid 6 on alkaline hydrolysis and is probably the acid anhydride. For personal use only.
trans-2-(3,4,5-Trimethoxyphenyl) -cyclopropylcarbinol (19) Method A
To a solution of 0.6 g (0.0021 mole) of 20 in 10 ml anhydrous ether at 0" was added with stirring, under N2, a suspension of 0.052 g (0.001 3 mole) of lithium aluminum hydride in 10 ml ether over 40 min. The mixture was stirred a further 2 h at 0" and 2 h a t 25'. Most of the ether was then removed by filter stick, the residue resuspended in 15 ml fresh ether, and decomposed with 3 ml of saturated aqueous sodium bisulfate. The aqueous phase was extracted with ether, the combined ether phases dried over Na2S0, and freed of ether in oacuo. The residual oil was dried by repeated flash evaporation of its benzene solution at 40" (10 mm 
trans-3,4,5-Trimethoxycinnamyl Alcohol (17)
This was prepared by a method analogous to method A used for preparing the alcohol 19, except that the final ether solution was washed with aqueous sodium bicarbonate after the sodium bisulfate treatment to avoid acid-catalyzed decomposition of the product. The alcohol 17 was obtained in 81 % yield as a yellow oil, and was homogeneous on t. Anal. Calcd. for C12H1604: C, 64.28; H, 7.19. Found: C. 63.88; H. 7.14. A sample of the undistilled alcohol took up 90% of HZ equivalent to one C=C when hydrogenated over 10% Pd-C/HOAc at 760 mm.
Method B
To a stirred solution of 0.46 ml(0.56 g, 0.0046 mole) of diethyl zinc in 2 ml dry benzene at 0" under nitrogen was added 0.22 g (0.001 mole) of 17 dissolved in 2 ml of dry benzene. After the initial frothing had subsided, the solution was maintained at 15O while a solution of 0.52 ml (1.7 g, 0.0064 mole) of methylene iodide in 1.5 ml dry benzene was added gradually, with stirring, from a micrometer burette over 1 h.4
The clear yellow solution became cloudy after the first 24 min of addition time, and a caramelcolored oil began to separate after 42 min. At the end of 1 h, 5 ml of ether was added and the mixture was then decomposed by gradual addition of 2 ml saturated ammonium chloride with stirring at 0' for 10 min. The organic phase was washed with 2 ml saturated ammonium chloride, then 4~n g e r addition times resulted in the formation of degradation products while shorter times left considerable starting material behind, which was difficult to separate from the product. The addition of 1 equiv of glyme to complexate any zinc iodide formed, completely inhibited the methylenation reaction. with 2 ml saturated aqueous sodium bicarbonate, and finally freed of solvents in vacuo. The residual oil was partitioned between warm water and 30-60" petroleum ether. The aqueous phase from this partition was saturated with sodium sulfate and the resultant emulsion was extracted with ether. The ether extract, on evaporation in oacuo, gave 0.155 g (66 %) of 18, relatively pure by t.1.c. and having the same i.r. spectrum as Material prepared by method A. 
trans-2-(3,4,5-Trimethoxyphenyl)-cyclopropylamine (3)
This was prepared by a method analogous to that used for the preparation of trans-2-phenylcyclopropylamine (12) . From 15.7 g (0.062 mole) of 9 was obtained first the acyl azide 25,14.7 g (85%), m.p. 84-87". The i.r. v, , , 2145 (N,), 1690 cm-' ( ( 2 4 ) . This gave, on heating, the isocyanate 30, v, , . 2270 cm-' (NCO). The isocyanate was decomposed by 50% NaOH at 0" to give the amine 3, v,.. (CCI4) 3370, 3300 cm-' (NH2). The hydrochloride was prepared with dry hydrogen chloridg gas in ether, 
cis-3,4,5-Trimethoxycinnamic Acid (10)
A solution of 70 g (0.294 mole) of 6 in 400 ml water containing 25 g (0.298 mole) of sodium bicarbonate was irradiated with stirring in a Pyrex vessel6 by an aircoolad AH-4 Hg lamp for 6 days at 56". Water was added each day to replace evaporative losses. The progress of the isomerization was followed by isolating the mixed acids from small aliquots of the solution, converting them into mixed methyl esters, 7 and 11, and examining the mixtun by t.l.c., which showed one new major component. At the end of 6 days, the product ratio was constant, with the new component in excess. Irradiation was stopped. the solution cooled to 25" and partially neutralized with 18% hydrochloric acid to obtain 19.5 g (28%) of thr starting trans acid, 6. Successive additions of dilute hydrochloric acid caused the precipitation of the photw product 10 as fractions of 80-100% purity, depending on the cut. Reprecipitation of these fractions from aqueous 'Prepared by a reported method (1 1) except that 12 sodium hypochlorite solution was used; the nickcf peroxide obtained had an activity of 0.46 x lo-' g-atom of available 0, per g. 6The use of a quartz vessel gave lower cisltrans ratios presumably because it transmits 270 mp, one of the absorption maxima of the cis acid, 10. A sample treated with diazomethane and then hydrogenated at 760 mm over 10% Pd-C in glacial acetic acid gave a product 12 having an i.r. spectrum the same as that of a sample of 6 treated likewise, v, , . 1720 cm-', no C=C. 
Attempted Preparation of cis-t-Butyl
Method B
The cis ester 13 was treated with zinc-copper and methylene iodide according to the standard SimmonsSmith procedure (13) . Only the starting ester was recovered.
Method C The cis ester 13 was treated with diazomethane and copper sulfate according to a reported method (14) of cyclopropane ring formation. Only starting material was isolated.
Method D
The cis ester 13 was treated with diethyl zinc and methylene iodide according to method B for the synthesis of 19. The product contained about 30% of the starting ester plus 10% each of seven other components.
cis-3,4,5-Trimethoxycinnamyl Alcohol (16)
Using the method described for synthesis of the trans alcohol 17, but starting from 10.2 g (0.038 mole) of 13, and distilling the product in vacuo, there was obtained 6.7 g (77%) of 16 as a pale yellow oil, b.p. 138-140" 'The ester decomposed extensively if left in petroleum ether solution at 25" for 10 days but was stable as a dry solid. (0.25 mm), homogeneous on t.l.c., v,,, 3575 
Attempted Epimerization of I4
A solution of 0.035 g of 14 in 0.6 ml of DMSO containing 0.06 g potassium tert-butoxide was allowed to stand at 25" for 20.h. The solvent was removed in oacuo and the residue was dissolved in 1 ml water. The solution was acidified with dilute hydrochloric acid and the precipitate collected, washed and dried to obtain a solid, m.p. 64-66", undepressed on admixture with the lower melting allotroph of 14.
Attempted Epimerization of cis-Ethyl 3,4,5-Trimethoxycinnamate (13) and of trans-2-(3,4,5-Trimethoxypheny1)-cyclopropanecarboxylic Acid 9
When samples of these compounds were separately treated with potassium t-butoxide in DMSO, each sample was recovered unchanged. For personal use only.
